Three megastigmane derivatives, (6R, 7Z)-9,10-dihydroxy-4,7-megastigmadien-3-one, (6S,7E)-6,9,10-trihydroxy-4,7-megastigmadien-3-one 6-O-β-D-glucopyranoside and (5R, 6S, 7E)-6, 9, 10-trihydroxy-7-megastigmane-3-one 9-O-β-D-glucopyranoside, along with fourteen known compounds, were isolated from an ethanolic extract of Cissus quadrangularis Linn. The structures of the megastigmane derivatives were established via extensive spectroscopic analysis, while electronic circular dichroism (CD) was employed to determine their absolute configurations. Compounds are reported for the first time for C. quadrangularis. The isolated compounds were tested for antimicrobial and antiprotozoal activities.
Introduction
Cissus, a genus of approximately 350 species of woody climber (family: Vitaceae) includes Cissus quadrangularis Linn. (veldt grape, winged treebine, wouloudioloco, bone setter), one of the most frequently used medicinal plants found in warmer parts of India ( known as "Harsankar" in Hindi and "Asthisanghara" in Sanskrit), Ceylon, East Africa, Malaysia and Thailand. The plant contains a high amount of Vitamin C, carotene A, anabolic steroidal substance and calcium [1] [2] [3] . C. quadrangularis is used as a common food supplement in southern India, while traditional medicinal uses include treatment of gastritis, bone fractures [4] [5] , skin infections, constipation, eye diseases, piles, anemia, asthma, irregular menstruation, burns and wounds [6] [7] [8] [9] . It has potent fracture healing properties, antimicrobial, antiulcer, antioxidant and cholinergic activities as well as beneficial cardiovascular effects [6] [7] [8] [9] . Phytochemical analysis has identified several classes of compounds as C. quadrangularis constituents, e.g., flavonoids, iridoids, terpenes and stilbenes. Three Megastigmane Glycosides from the Leaves of Pterospermum semisagittatum showed a significant insulin releasing effect on rat pancreatic islets have reported acetylated megastigmane glycosides, matenosides isolated from Ilex paraguariensis leaves to exhibit human neutrophil elastase (HNE) inhibitory activity [10] [11] [12] [13] [14] . As part of our program to identify chemical biomarkers of dietary supplements, we herein report the isolation of three megastigmane derivatives; (6R,7Z)-9,10-dihydroxy-4,7-megastigmadien-3-one(1); (6S,7E)-6,9,10-trihydroxy-4,7-megastigmadien-3-one-6-O-β-D-glucopyranoside(2), (5R,6S,7E)-6,9,10-trihydroxy-7-megastigmane-3-one-9-O-β-D-glucopyranoside(3) and fourteen known compounds; (6R,7E)-9,10-dihydroxy-4,7-megastigmandien-3-one9-O-β-D-glucopyranoside(4); (6S,7E,9S)-6,9-dihydroxy-4,7-megastigmadien-3-one [(+)-corchoionol-C](5); (6S,7E,9S)-6,9-dihydroxy-4,7-megastigmadien-3-one 9-O-β-D-glucopyranoside [(+)-corchoionoside-C](6); trans-resveratrol(7); (−)-pallidol(8); quadrangularin-A(9); quadrangularin-B(10); quadrangularin-C(11); parthenocissin A(12); quercetin-3-O-α-L-rhamnopyranoside(13); quercetin-3-O-β-Dglucopyranoside (14) ; isoengelitin (15); (+)-isolariciresinol-9-O-β-D-glucopyranoside(16) and (+)-isolariciresinol-9-O-α-L-rhamnopyranoside (aviculin)(17) from C. quadrangularis. Compounds (7-13) have previously been reported for C. quadrangularis [10] [11] [12] [13] [14] while (4-6) and (14-17) are reported for the first time for this species.
Results and Discussion
The HRESIMS (positive mode) of 1, an amorphous gum, gave [ 18 . Examination of the experimental CD data for 1 indicates positive helicity and therefore 6R absolute configuration (Fig. 2 ). Snatzke's sector rule, based on the octant rule but with opposite signs for the back octants, also indicates 6R absolute configuration due to the C-1 perturber in the negative bottom-right octant in conjunction with the negative n→π * Cotton effect for 1 (Fig. 2) . These chirality rules confirm the published data for megastigmane derivatives. In one experiment, racemic 9-hydroxy-4, 7-megastigmadien-3-one (3-oxo-α-ionol) was derivatized with (-)-(R)-α-phenylpropionic acid, followed by HPLC isolation of the four diastereoisomeric esters. 1 H-NMR analysis identified two esters as 9S and two as 9R isomers. Hydrolysis of the esters provided the four ionols, while CD analysis indicated 6R configuration for two of the ionols based on a positive Cotton effect at 243 nm (π→π * transition) and comparison to authentic (+)-(R)-3-oxo-α-ionone. The remaining two ionols displayed negative Cotton effects at 243 nm. In another experiment, optically active 6, 9-dihydroxy-4,7-megastigmadien-3-one (vomifoliol) and its glucosides (roseosides) were synthesized and the CD spectra of the four diastereoisomers recorded [19] [20] . The CD data followed the same pattern as discussed above, with positive π→π * and negative n→π * Cotton effects indicating 6S absolute configuration. The stereochemical indicator changes from R to S due a change in Cahn-Ingold-Prelog priorities when replacing the C-6 hydrogen with a hydroxy group, but configuration remains the same. The CD data for the glucosides were almost identical to those of the aglycones. Therefore, the positive CE at 266 nm and negative CE at 317 nm indicates 6R absolute configuration for 1. The absolute configuration of the oxymethine chiral center of terminal 1, 2-diols (vicinal diols) cannot be determined by direct application of the Mosher ester method and therefore the C-9 absolute configuration could not be determined. The trans-isomer [21] [22] and the C-9 glucoside of the trans-isomer (4) 23 (Table 1) [16] [17] [18] . HMQC analysis of 2 indicated three methyl, two methylene, four methine and four quaternary carbon signals for the aglycone megastigmane skeleton. The glucoside moiety was located at C-6 through HMBC correlation of the H-1' anomeric proton and oxygenated C-6. Analysis of the 2D-NMR data for 2 elucidated the structure as (7E)-6, 9, 10-trihydroxy-4, 7-megastigmadien-3-one 6-O-β-D-glucopyranoside. The absolute configuration at C-6 was determined as S via the positive specific rotation and CD data [positive CE at 270 nm (π→π * ), negative CE at 322 nm (n→π * )] for 2 (vida supra) and absolute configuration at C-9 could not be determined. The glycoside was confirmed as β-D-glucopyranose via hydrolysis and subsequent TLC analysis (see Materials and Methods). Due to overlap of the anomeric proton (H-1') and H-9, an anomeric coupling constant could not be determined to confirm the β-glucosidic linkage 24 . The aglycone [25] [26] [27] [28] , C-9 glucoside 29 and C-10 glucoside 25-28 of 2 have been isolated before. Compound 3 was isolated as an amorphous powder with positive optical rotation and molecular formula C 19 H 32 O 9 by HRESIMS (negative mode) analysis. The 1 H-, 13 C-NMR and HMQC data indicated three quaternary, four methine, three methylene and three tertiary methyl carbons, and a β-D-glucopyranosyl unit [δ H 5.12 (d, J = 4.8 Hz, H-1'); δ C 102.27 (C-1')] [13] , consistent with a trioxygenated C13-norsesquiterpene glucoside structure (Table 1) [15] [16] [17] . The downfield shifted carbonyl carbon [δ C 211.16 (C-3)], the C-13 methyl doublet [δ H 1.07 (d, J = 3.6 Hz); δ C 17.02], the oxygenated quaternary carbon at δ C 78.05 (C-6) and the single disubstituted trans double bond indicated a 7-megastigmane-3-one skeleton. COSY data showed H-7/H-8/H-9/H 2 -10 connectivity. The glucoside moiety was located at C-9 through HMBC correlations (H-1'/C-9, H-9/C-1') and was confirmed as β-D-glucopyranose via hydrolysis (see as S via the positive specific rotation and CD data [positive CE at 270 nm (π→π * ), negative CE at 322 nm (n→π * )] for 3 (vida supra). NOESY correlations (H-7/H 3 -11, H 3 -12) established the C-6 side-chain orientation as equatorial and the C-6 hydroxy as axial. With the 6S absolute configuration determined, the absolute configuration at C-5 had two possibilities; namely, 5R (C-13 equatorial) or 5S (C-13 axial) (Fig. 3) . NOESY correlation between H-5 and H 3 -12 [δ H 1.12 (s); δ C 25.08] indicated equatorial orientation for the C-13 methyl as well as axial orientation for the C-12 methyl. Also, the absence of NOESY correlation between H 3 -13 and H 3 -11 or H 3 -12, which is only possible with a C-13 axial orientation, confirmed the equatorial orientation. This conformation places the bulky groups at C-5 and C-6 in the more stable equatorial positions (Fig. 3 ) [31] [32] . The absolute configuration of 3 is therefore 5R, 6S, 7E. Breyniaionoside A, a compound with identical spectroscopic data except for a negative specific optical rotation, was isolated from the leaves of Breynia officinalis Hemsl [31] [32] , making it the C-9 epimer of 3. The absolute configuration at C-9 could not be determined. The isolates were devoid of antimicrobial and antiprotozoal activities. 1 H-(400 MHz), 13 C-(100 MHz) and 2D-NMR spectra were recorded using the residual solvent signal as internal standard on a Varian AS 400 spectrometer. IR spectra were measured on a Bruker Tensor 27 FTIR spectrometer. UV spectra were obtained on a Varian Cary 50 Bio UV-visible spectrophotometer. Optical rotations were obtained at the sodium D line at ambient temperature on a Rudolph Research Analytical Autopol IV automatic polarimeter. CD spectra were measured on a JASCO J-715 spectrometer. HRESIMS were obtained on an Agilent Series 1100 SL mass spectrometer. GC-MS analysis was carried out on a HP 6890 series GC, equipped with a split/splitless capillary injector, a HP 6890 Series injector autosampler, and an Agilent DB5ms column (30 m × 0.25 mm × 0.25 μm). The GC was interfaced to a HP 5973 quadrupole mass selective detector through a transfer line set at 280°C. The injector temperature was 250°C, and 1 μL injections were performed in the split (1:10) mode. Column flow was set at a constant pressure of 20 psi, giving an initial flow of 2.2 mL/min, using helium as carrier gas. The oven temperature was raised from 70 to 300°C (hold 8. 1 H-NMR data were measured directly from the reaction mixtures [33] [34] [35] [36] . 
Experimental

General experimental procedures
